Intruduction
Several studies have suggested that longterm exercise may have facilitating effects on general cognitive functions. Physical training has been proposed to attenuate age-related decline in cognitive performance [1] [2] [3] [4] [5] . Numerous studies investigating age-related changes in performance on some cognitive tasks showed that subjects who engaged in high, as opposed to low-physical exercise performed better [5, 6, 7] , although significant differences were not always observed [8] . Exercisers at all ages are superior to sedentary individuals on tests of various types of cognitive functions, especially those cognitive functions that require faster information processing. Although, findings on the effects of aerobic fitness on mental functioning are widely more contradictory for young than for old people, a positive influence of aerobic fitness also has been reported in young men [9, 10] . Similar to physical training, acute exercise is assumed to have facilitating effects on mental functioning, but previous studies are not conclusive because of the lack of consistency in the method of testing chosen. Effects of acute exercise on cognitive performance are classically explained by the activation of the central nervous system via exerciseinduced physical arousal leading to narrowing of attentional focus [11] . However, relations between exercise and arousal are yet to be clarified [12] . Moreover, the terminology of arousal and related states, as well as the unidimensionality of the relationship between arousal and performance is disputed [13] . To better understand the effects of chronic exercise on brain functioning, electrophysiological studies have been performed. P300 and mental reaction time are considered as valuable tools for the measurement of cognitive function because they are thought to reflect neural activity underlying basic aspects of cognition. The use of P300 as a clinical evaluation tool should be revisited with contemporary theory, methods, and analysis procedures because a reliable neuroelectric measure of mental function would redefine the assessment of cognitive disorders [14, 15] . P300 latency is sensitive to neural changes in development and aging. Meta-analysis of P300 in normative aging studies by Polich suggested that P300 latency can provide useful information about cognitive aging, and that relative proportions of male and female subjects across samples could readily affect P300 latency aging correlations. During childhood and adolescence, P300 latency is inversely related to age, perhaps reflecting processes such as myelination and cognitive development [16] . Numerous studies have investigated the effects of aerobic fitness and exercise on electroencephalographic activity, which can be considered an index of cortical arousal. There is evidence that physical training may modify electrophysiological data [9, 17] . Similarly, Polich and Kok demonstrated a positive effect of physical training on P300 [16] . Dustman reported that fit elderly men showed shorter P300 latencies compared to unfit elderly men [9] . Polich and Lardon found that P300 amplitude was higher in individuals who performed high amount of exercise [18] The P300 component and mental reaction times are considered to reflect basic cognitive processes [14] . There is evidence that aerobic physical activities which improve cardiorespiratory fitness are beneficial for cognitive function in healthy older adults, with effects observed for motor function, cognitive speed, auditory and visual attention [19] . Physical activity appears to attenuate the decline of cognitive functions typically observed in older men. The P300 component of the event-related potential (ERP) is particularly affected by aging and allows for basic neurobiological assessment of cognitive functions [20] . The aim of this study was to investigate the effect of long-term physical exercise on cognitive processing P300 event-related potential in elderly male athletes.
Material and Methods
A total of 30 subjects were included in the study and they were allocated into one of three groups: Elderly veteran athletes who exercised regularly (Group EME, n=10), elderly veteran athletes who led a sedentary life (Group HSE, n=10) and middle aged subjects who lived sedentarily (Group HSMA, n=10). P300 was recorded at the same time of the day and in the same setting. Neurological, physical and mental examinations were carried out in each subject. All subjects were reviewed for history of migraine, psychological disorder, diabetes, hypertension, epilepsy, cancer and alcohol and smoking habits. Amplitude (size) and latency (timing) of P300 event-related potential (ERP) were measured. The study was approved by the Ethics Committee of the Celal Bayar University Hospital, and all subjects provided written informed consents.
Electrodes were arranged in five columns, each with seven antero-posterior sites ( Fig.1) . Amplitude (V) is defined as the voltage difference between a pre-stimulus baseline and the largest positive-going peak of the ERP waveform within a latency window (e.g., 250-400 ms, although the range can vary depending on stimulus modality, subject age, task conditions, etc.). Latency (ms) is defined as the time from stimulus onset to the point of maximum positive amplitude within the latency window. In addition, P300 scalp distribution is defined as the change in component amplitude across the midline recording sites (Fz, Cz, Pz), which typically increases in magnitude from the frontal to parietal electrodes. Scalp distribution effects are of considerable importance, since variation in amplitude from the manipulation of task or subject variables has been used to infer information about P300 neural generators. This task has been used to study a wide variety of information processing issues [21, 22] . A strand test is given to these groups but before the test, groups were instructed not to exercise heavily. The VO2max measurement was conducted on a calibrated bicycle ergometer (Morark 860, 
12
Varberg, Sweden) using Astrand protocol [23] .
Statistical methods
Kruskall Wallis and Mann-Whitney U tests were employed for the statistical analysis of the data, using SPSS v11.0 statistical software. Table 1 shows the P300 amplitudes and P300 latencies in the EME, HSE and HSMA groups. The statistical analyses revealed that the mean amplitude and latency of P300 of the HSE group were significantly different from the EME and HSMA groups. Figure 1 illustrates standard P300 plots in EME, HSE and HSMA. Mean latency of P300 was 303.20±33.79 ms in the HSMA, 320.50±33.79 ms in the EME and 344.70±24.48 ms in the HSE group (see Figure 2 ). There was a significant difference in mean P300 latency between the HSE and HSMA groups (p<0.05), while the difference between EME and HSMA was not statistically significant (p>0.05). Mean amplitude of P300 was 23.90 ±9.56mV, 11.03 ±7.60 mV and 10.39±5.48 mV in the HSMA, EME and HSE groups, respectively ( Figure 3) . The difference in the amplitude of P300 between the HSE and HSMA groups was significant (p<0.05). Table 2 shows the patient demographics and aerobic capacities of the subjects in three groups. Mean age, height and weight of the subjects in the HSE were 65±5 years, 169±5 cm, and 81±11 kg, respectively. Mean age, height and weight of the subjects in the EME group were 67±6 years, 167±8 cm and 71±4 kg, respectively while those in the HSMA group were 35±12 years, 168±5 cm and 68±5 kg, respectively. Mean VO2max in the EME and HSE groups were 18.8±5.0 ml/min/kg and 32.18±5.7 ml/min/kg, respectively, whereas it was found to be 15.8±5.0 ml/min/kg in the HSMA group. Statistical analyses indicated that the VO2max in the HSE group was significantly higher than the EME and HSMA groups (p<0.05):
Results

Conclusion
The results of the present study suggest that long-term exercise affects the P300 event-related potential, which is an indicator of cognitive functions. Even though the effects of long-term exercise on the body as a whole are well established, those on the brain need to be elucidated. We can infer information on the effects of cognitive functions by the latency and amplitude of P300 event-related potential (ERP). The theoretical interpretation of the P300 is based on: (1) neurophysiological investigations of the brain mechanisms that underlie its generation, (2) evidence from experimental studies that manipulate psychological variables, and (3) biological influences on central nervous system (CNS) function. After consideration of methodological issues, the major findings concerning P300 neural origins and psychological theory are summarized, with 13 biological determinants reviewed subsequently [24, 25, 26] . Two main findings emerged in the present study. First, there were significant differences in P300 parameters between HSE and HSMA groups; whereas the differences between EME and HSMA were not. Second, there was an inverse relation between ERP amplitude and latency though the difference between the EME and HSMA groups did not reach the level of statistical significance.
Individual fluctuations of ERP measures can occur spontaneously, or can be induced by environmental factors that exert their influence in at least two ways: a general state effect operates on the entire organism, and is assumed not to be restricted to the population of neurons influenced by a particular ERP task variables: a specific state effect means that biological conditions influence the same population of neurons as engaged by the task variables crucial for the elicitation of this particular ERP component. General and specific state factors can be organized into categories defined by the origins of the determinant: natural, induced, and constitutional. It is well known that an appreciable proportion of normal P300 variation is caused by factors related to the subject's level of arousal [27] . Many studies have been conducted to elucidate the effects of P300 biological determinants, both natural and environmental [15, 16, and 27] . Physical training can affect brain functions via several mechanisms, including promotion of cerebral blood flow, improvement in cerebral neurotransmitter function and balance, and enhancement of neuroendocrine and autonomic tone. Because some authors explained this relationship with increased circulatory capacity, it would be particularly interesting to see how the level of fitness related to an aerobic physical activity, such as cycling. It has been argued that fitnessinduced effects on ERPs might originate from fundamental changes in baseline EEG that are produced by aerobic fitness [18] . Many studies assessed EEG activity before and after exercise in a variety of subject sport-populations [9, 20, 21, and 28] . Generally similar results for P300 latency from a complex visual stimulus task in a comparable young subject group have been reported [1] , although the present study also showed increased P300 amplitudes for the exercise relative to control subjects. Thus, it is reasonable to conclude that exercise does affect EEG and P300 values, but that the amount of exercise as well as the electrophysiological measurement parameters employed is important factors to consider when these variables are evaluated. The underlying causes for the influence of physical exercise on the P300 ERP are far from clear, although speculation on the sources of these effects can be made. For example, it is straightforward to assume that physical exercise promotes cerebral blood flow (CBF) that could affect EEG measures [3, 9, 29] , but why such physiologic changes would affect specific EEG bands is uncertain [30, 31] . However, when a decrease in CBF occurs because of anoxia or hypoxia, an increase in delta and decrease in alpha and beta activities typically are observed [32, 33] . If physical exercise promotes increased CBF, an EEG spectral pattern opposite that of poor CBF might be obtained. Given that such EEG changes contribute to P300 components measures, the present study is findings can be viewed as suggestive support for the hypothesis. The relationship of P300 latency to age and amplitude was tested. The fact that VO 2max , which shows indirect O 2 consumption, while doing physical activity was higher in the HSE than EME and HSMA indicates that higher energy is spent by the subjects in HSE group while doing the same exercise [2, 3, 6] . In the present study, VO2max measurements were comparable to those reported in the literature.
Results of the present study showed that the amplitude of P300 increased with age. However, even though the difference between HSE and HSMA was significant, that between EME and HSMA was marginally significant. The difference in P300 latency between EME and HSMA was not significant despite a significant difference between HSE and HSMA. These results suggest that long-term exercise affects P300. Even though numerous studies showed a decrease in the latency and amplitude of P300, this is one of the first studies which showed that exercise alleviated the deterioration effects of aging on brain functions. Taken together, the present results suggest that exceptional amounts of physical exercise can alter the P300 ERP component from simple auditory and visual stimuli, but that these effects are variable across subjects and most evident only with very high amounts of weekly aerobic activity [34] . Given the links between background EEG and cognitive ERPs outlined above [35, 36, 18] , it seems likely that the effects of exercise observed for the present ERP data might originate from fundamental changes in baseline EEG that are produced by aerobic activity [17, 18, 35, 36, 37] . From this point of view, extended exercise helps to contribute to increased amounts of alpha band activity and, therefore, increased P300 amplitude and decreased peak latency [36, 38] . Long-term exercise may ameliorate or protect against cognitive aging for simple stimulus discriminations [37] . Presence of statistically significant differences between the subjects in the HSMA and HSE groups as opposed to non-significant differences between the subjects in the HSMA and EME groups suggests that long-term exercise might reduce the negative effects as reflected by the less reduction of neural effort.
In conclusion, adverse effects of aging on cognitive performance may be alleviated by long time physical exercise.
